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dynamic nature of memory storage, 
and is shedding light on how long-term 
memories are retained over time, and 
yet also allow behavioral flexibility and 
adaptation to changing environments. 
It may be possible to capitalize on 
flexibility in helping to ameliorate 
maladaptive memories and potentiate 
adaptive behaviors in psychopathology.
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What is prospective memory? To 
err is human: a fundamental part 
of human nature includes making 
mistakes (and we hope forgiveness 
is another ingredient of the human 
condition). In many cases, we 
‘remember to remember’, but 
sometimes our mistakes are costly: 
a surgeon intends to remove an 
instrument before closing the body 
cavity, only to discover later that an 
instrument is missing. A pilot intends 
to adjust the position of wing flaps 
before takeoff, which can cause or 
prevent a successful takeoff. A patient 
intends to take her medication with 
dinner, and treatment outcomes 
depend on successful fulfillment of the 
intention. A bank manager intends to 
lock the vault, and forgetting has literal 
costs. 
These examples highlight what is 
known as prospective memory — 
remembering to execute delayed 
intentions. As the examples above 
highlight, our intentions are typically 
interrupted by other pressing demands 
of everyday life (performing surgery, 
other preparations for takeoff, 
preparing dinner, assisting customers). 
Interruptions of our intentions provide 
a key ingredient that imposes a need 
for memory. Although we initially 
form the intention to act in the future, 
interruptions typically displace active 
processing of the intention. Instead, 
our intentions are temporarily put 
on hold — stored in memory — to 
be reactivated or retrieved at an 
appropriate point in the future. We err 
when we fail to retrieve these stored 
deferred-intentions. Prospective 
memory also includes other aspects of 
cognition, such as attention, executive 
control of cognitive function, episodic 
memory, and planning. 
Additional everyday examples will 
help to underscore two approaches 
that are used in the burgeoning field 
of prospective memory research. After 
taking one’s children to daycare in the 
morning, a parent needs to remember 
to pick up the kids at the scheduled 
time. When cooking, a chef needs to 
remember to remove the tray from the 
Quick guide oven after 15 minutes. When I see my colleague next, I need to remember 
to share news about some interesting 
new data. When I pass the grocery 
store on the way home, I need to 
remember to buy milk. Two types of 
triggers may reactivate or retrieve a 
memory at an appropriate point in 
the future. In time-based prospective 
memory, time serves as the trigger; 
time may involve a specific time of 
day (as in daycare schedules) or an 
elapsing interval (as in cooking). In 
event-based prospective memory, the 
occurrence of an event serves as the 
trigger (the colleague or grocery store). 
Both types of prospective 
memory have been investigated 
in the laboratory. A great deal of 
theoretical and applied interest 
focuses on understanding the causes 
of reactivation. According to one 
proposal, deferred intentions are 
automatically (effortlessly) activated 
when a target cue occurs. According 
to an alternative proposal, active 
(effortful) monitoring is needed to 
detect the occurrence of a target 
cue. Finally, according to the 
multiprocess view, both monitoring 
and spontaneous retrieval are utilized 
in prospective remembering. 
Why is prospective memory 
important? In addition to everyday 
successes and failures to ‘remember 
to remember’, prospective memory 
is of great interest because it is 
implicated in cognitive decline. A 
major area of interest is cognitive 
decline associated with normal aging. 
Prospective memory declines in the 
elderly. Additional major areas of 
interest focus on cognitive decline 
associated with human diseases. 
For example, prospective memory 
impairments have been implicated in 
mild cognitive impairment, Alzheimer’s 
disease, autism spectrum disorder, 
traumatic brain injury, Parkinson’s 
disease, HIV infection, and substance 
abuse. Understanding prospective 
memory impairments in normal 
and clinical populations may be 
valuable for understanding biological 
mechanisms of prospective memory, 
especially when combined with human 
neuroimaging techniques. Prospective 
memory screening may also have 
great potential if it facilitates early 
detection of cognitive decline (for 
example, before the more dramatic 
memory failures associated with early 
onset of Alzheimer’s disease). Another 
Special Issue
R751great potential focuses on developing 
interventions to ameliorate progressive 
cognitive decline. Because the societal 
impact of memory disorders are 
staggering, even small improvements 
in memory may have potentially huge 
benefits to society. 
Can prospective memory be modeled 
in nonhuman animals? Understanding 
the biology of prospective memory 
will be greatly enhanced by the 
development of animal models 
of prospective memory. Recently, 
exciting progress has been made 
in developing such animal models. 
Although these models are in their 
early stages of development, they 
may offer unique opportunities for 
studying the biological mechanisms of 
prospective memory.
Two animal models — one using 
rats and the other using non-human 
primates — will be described briefly. 
My colleague A. George Wilson 
and I recently developed a rodent 
model of prospective memory. 
The key insight for developing the 
model is that actively maintaining an 
intention to act in the future potently 
depletes attentional resources that 
would otherwise be allocated to 
other activities. Hence, it is possible 
to behaviorally assess whether an 
animal is actively maintaining an 
intention to act (impaired ongoing 
cognitive performance) and distinguish 
it from other occasions when an 
intention to act is temporarily stored 
in memory (non-impaired ongoing 
cognitive performance). Successful 
implementation of the plan can also be 
behaviorally assessed.
We used the opportunity to obtain a 
relatively large meal as the plan for the 
future, which is a salient prospect for 
a hungry rat. The rats obtained access 
to the meal by visiting the food source. 
From time to time, the rats were 
given the opportunity to engage in an 
ongoing task, which requires cognitive 
resources. To this end, rats judged 
the duration of briefly presented gaps 
between very brief pulses of noise, 
and each correct judgment resulted 
in a small piece of food (much smaller 
than the meal) as a reward. Time-
based prospective memory was 
suggested by impaired performance in 
classifying the gaps shortly before the 
meal relative to an earlier (unimpaired) 
timepoint. Prospective memory 
predicts the observed impairment 
because the representation of the meal is expected to be activated 
near the meal and otherwise remain 
inactivated. 
To develop a model of event-
based prospective memory, we made 
the meal time less predictable but 
provided an event (tone pulses) to 
signal that the meal would occur soon
Accurate ongoing task performance 
was severely disrupted after the event
occurred, with excellent performance 
at other times. In one test, we 
repeatedly presented the event on 
three separate occasions within the 
same day and documented that the 
rats inactivate and reactivate the 
memory representation in an on-
demand, event-based fashion. 
Michael Beran and colleagues 
recently developed an impressive 
series of demonstrations of 
prospective memory using nonhuman 
primates. In one of their experiments, 
they tested the ability of rhesus 
and capuchin monkeys using two 
concurrent computerized tasks. In 
one task, the monkeys needed to 
remember to make a specific response
(the prospective-memory response) 
if they observed a particular cue (a 
flashing rectangle) on a computer 
monitor. In the other task, the monkey
were engaged in a learning-set task, 
which required remembering the 
identity of a to-be-selected icon. From
time to time, the prospective-memory 
cue was embedded in the learning 
set task. When presented with the 
prospective-memory cue, the monkey
needed to remember to initiate the 
prospective-memory response after a 
delay, when the opportunity to do so 
became available later. Because the 
two tasks were embedded, engaging 
in the learning-set task may have 
prevented the monkeys from actively 
processing the prospective memory 
cue/response during a delay. Not only 
did the monkeys remember to select 
the prospective-memory response 
when reward for doing so was 
available, some monkeys self-initiated
the prospective memory response 
before the target icon appeared on 
the computer monitor. The monkeys 
presumably acted on their intention 
to make the response without the 
aid of an icon to remind them to do 
so. One of the advantages of this 
demonstration is that the dynamics of
embedded tasks in a computerized 
framework are similar to the methods 
used to study prospective memory in 
people. . 
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What might be on the horizon for 
comparative prospective memory? 
Animal models can be used to explore 
the biological mechanisms that 
subserve cognition. For example, 
recent advances in our understanding 
of memory at cellular, molecular, 
and genetic levels of analysis can 
be leveraged to explore prospective 
memory in animals. Understanding 
the biological mechanisms that are 
responsible for impaired and spared 
aspects of cognition in preclinical 
models is critically important. Such 
knowledge offers the potential to 
harness biological mechanisms to 
promote retained cognition, which 
offers translational potential to 
develop treatments for human memory 
disorders. 
To err is human, but our ability 
to remember to plan for the future 
may not be uniquely human. Indeed, 
nonhuman animals may offer an 
approach to understanding our own 
error-prone memory. 
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